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Figure 1.1a: Principal causes of death in Ireland for all ages in 2003, Irish Heart Foundation, 





Figure 1.1b: Principal causes of death in Ireland in 2004 in the 0-64 age category, Irish Heart 
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1.2 Minimally Invasive Procedures 
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1.5 Research Objectives and Methodology 
 5	
  	
    	   
 	 		
 	
	    
  






   
 	  
  







   	   	
    		
 	 







    )
  	









































 #  		
    
 
 	 	 
(		 
		
































































  	  
 )

























































	  	   	  
 	

































































































   	
 	 	
 M,FN  
  	




	 	 	Q 	 		 	 	 

















































































 	  
	 	  

 	  
 
  	 


































2.2 Complicated Atherosclerotic Plaques 
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Figure 2.3: Uniaxial radial compression data for various types of plaques. Adapted from 
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2.2.2 Complications Associated with Present Procedures 
 

	  	 
 
 	  	 
 


























 	 		   	 	

































     
5  	   
	








 )    	 	






































































































2.3 Therapeutic Ultrasound Delivered via Wire Waveguide 
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2.3.2 Ultrasound Generation 
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2.3.4 Mechanical Effects of Wire Waveguide Tip Displacement 





















































































Figure 2.5: Schematic of ultrasonic wire waveguide in catheter and the regions surrounding 
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Distal Tip Vibration (0 – 
150 µm) @ 18 – 45 kHz 
Acoustic Streaming 
• Direct Contact Ablation 
• Cavitation 
• Pressure Waves 
Wire waveguide in 
catheter 
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2.5.1 Material Properties 
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Performance Characteristic Specification Justification 
Frequency of Operation 20-30 kHz Typical values used in clinical 
applications in the literature [7, 21, 
51] 
 
Wire waveguide diameter 
 
0.35mm -1.0mm 
Access to peripheral and coronary 
arteries, similar to standard guidewire 
dimensions and those reported in the 
literature [51] 
Wire waveguide distal-tip 
displacement  
Up to 100m peak-
to-peak 
Typical values used in clinical 
applications in the literature [7, 21, 
51] 







































































































3.2 Ultrasonic Wire Waveguide Apparatus Design and Development 
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3.2.1 Ultrasonic generator and converter 
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3.2.2 Acoustic Horn 
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Tensile testing of NiTi wire waveguide 
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3.2.4.1 Evaluation of wire waveguide connection method 
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Single side set-screw 
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4.2. Direct peak-to-peak displacement measurement 
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4.2.2. Calibration of Objective Lenses 
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4.3. Wire Waveguide Distal-Tip Peak-to-Peak Displacements 
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4.3.2. Effects of Wire Waveguide Length 
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0 0 - - 
2 72.4 - - 
4 144.8 146 .8 
6 217.2 218 0.36 
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1.5 32.224 0.75 32.269 0.75 
2 41.114 1 41.237 0.99 
2.25 44.781 0.75 44.863 0.75 
2.5 45.781 0.75 45.861 0.75 
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Power Setting = 2
Power Setting = 2.25
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5.2.3 Sensitivity Analysis of Material Properties 
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Numerical Resonant Frequency Predictions (Hz) 
(% Error) 
































































































5.2.5 Summary of Modal Analysis 
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5.3.2 Distal-tip response of wire waveguides over a range of frequencies 
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5.3.3 Distal-tip response of wire waveguides over a range lengths 
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5.3.4 Displacement response along length of wire waveguides 
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5.3.5 Wire Waveguides with Spherical  Distal-tip Geometry 
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) Input = 30m (p-p)
Input = 60m (p-p)
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5.4 Coupled Fluid-Structure Model of Wire Waveguide 
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No Distal Fluid 100m
With Distal Fluid 100m
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5.4.3 Fluid-structure model of wire waveguide with no distal-tip 
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Slope = 60 MPa
R2 = 0.9776





















Linear (Calc. Carb. 2)
Linear (Calc. Carb. 1)
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